Convective line asymmetries in the optical spectrum of two metal-poor stars, Gmb1830 and HD140283, are compared to those observed for solar metallicity stars. The line bisectors of the most metal-poor star, the subgiant HD140283, show a significantly larger velocity span that the expectations for a solar-metallicity star of the same spectral type and luminosity class. The enhanced line asymmetries are interpreted as the signature of the lower metal content, and therefore opacity, in the convective photospheric patterns. These findings point out the importance of the three-dimensional convective velocity fields in the interpretation of the observed line asymmetries in metal-poor stars, and in particular, urge for caution when deriving isotopic ratios from observed line shapes and shifts using one-dimensional model atmospheres.
convective velocity motions in the photospheres of metal-poor stars lead to severe errors in the results obtained from the use of one-dimensional model atmospheres in the spectroscopic analysis of of metal-poor stars. In this paper, we select clean profiles, measure, and average line bisectors of different lines in order to compare convection in the photospheres of solar composition and metal-poor stars. After giving the details of the observing and reduction procedure in §2, we shall discuss the solar case and carefully check the quality of the spectroscopic observations in §3. The analysis of line asymmetries in the photospheres of the metal-poor compared to the solar composition stars is the subject of §4, and §5.
Observations
We have selected two well-known field stars belonging to the population II: the moderate metallicity dwarf Gmb1830 (HD103095, HR4550; [Fe/H] ∼ -1.3; G8 V) and the more metalpoor subgiant HD140283 ([Fe/H] ∼ -2.7; G0 IV). The Sun and the solar-like metallicity star θ UMa (HD82328, HR3775; F6 IV) were included in the program to be used as references.
Observations were carried out during three campaigns from 1995 to 1997 using the 2dcoudé echelle spectrograph (Tull et al. 1995) coupled to the Harlan J. Smith 2.7m Telescope at McDonald Observatory (Mt. Locke, Texas). The cross-disperser and the availability of a 2048x2048 pixels CCD detector made it possible to gather up to 300Å in a single exposure, in a series of non-overlapping segments. The set-up provided resolving powers (λ/∆λ) in the range 170,000-220,000. As many 1/2 hour exposures were acquired as were needed to reach a final signal to noise ratio (SNR) of ∼ 300-600. Table 1 describes the three observational campaigns devoted to the program.
A very careful data reduction was applied using the IRAF 2 software package, and con-sisted in: overscan (bias) and scattered light substraction, flatfielding, extraction of onedimensional spectra, wavelength calibration, and continuum normalization. Wavelength calibration was performed for each individual image on the basis of ∼ 300 Th-Ar lines spread over the detector. The possibility of acquiring daylight spectra with the same spectrograph allows us to perform a few interesting tests. Comparison of the wavelengths of 60 lines in a single daylight spectrum (SNR ∼ 400-600, depending on the spectral order) with the highly accurate wavelengths measured in the solar flux spectrum by Allende Prieto & García López (1998b) showed that the rms differences were at the level of 58 m s −1 (∼ 1 11 pixel).
Before coadding the individual one-dimensional spectra, they were first cross-correlated to correct for the change in Doppler shifts and instrumental displacements, such as those produced by the variation of weight as the CCD's liquid nitrogen dewar empties. Fig. 1 shows the measured shifts between different spectra of HD140283, relative to the first of them, on the night of May 20 1995. The observed shifts (joined by the solid line) do not correspond to those expected from the difference of velocities in the line of sight between the Earth and the Sun, indicated by circles in Fig. 1 . Our procedure introduced an uncertainty in the wavelength scale, whose magnitude depends on the SNR, the presence of telluric lines, and the time separation among the individual spectra. When the standard deviation of the velocity shifts from the cross-correlation of the different available orders was below ∼ 150 m s −1 , the frames were co-added to increase the SNR. This strategy ensures that the errors introduced in the line shifts when co-adding the spectra are of the order of
where N, the number of useful orders, is in the range 8-17. In this way no significant extra asymmetry is artificially produced. HD140283 taken on May 20 1995. The left panel shows the Fe I line at 5393Å in the different spectra, after correcting the shifts displayed in Fig. 1 , while the right panel shows the resulting pattern, ten times magnified, after subtracting the mean spectrum. It is apparent in this figure that no significant residuals remain.
A final test to check that our procedure leads to consistent results is to compare the bisectors measured in the individual exposures with the averaged bisector, and with the bisector measured in the averaged spectrum. This is shown in Fig. 3 , for the series in σ 2 , which corresponds to the weighting performed when co-adding the spectra. While the direct average of the bisectors relative to the line center avoids the shifting of the spectra to the same zero, it requires the location of the centers of the line profiles in the noisy individual exposures, increasing the errors in the final bisector. Alternatively, the final bisector can be measured directly on the averaged spectrum, computed after shifting safely the individual spectra to a common zero through simultaneous cross-correlation of all the spectral orders recorded in a given image. The latter procedure has been adopted in this work.
The Sun: accuracy of the measurements
The highest quality high resolution stellar spectra currently available are those of the Sun. The study of line asymmetries and shifts in the optical solar spectrum has been the subject of much work since the early studies of St. John (1928) correction for the velocity shifts are comparable to the precision with which bisectors are measured, but more remarkable, the velocity difference or span between the bluest and the reddest part of the mean bisectors does not change.
As listed in Table 1 , we have acquired day-light spectra in different spectral ranges. 4. Metal-poor stars. Photospheric line asymmetries.
For the most metal-poor star in the sample (HD140283) the task of selecting lines free of blends and anomalous shapes is straightforward, because the lack of metals greatly reduces the overlapping of different lines. For the less metal-poor stars, blending becomes more common, and the selection more difficult. The calculation of an initial average and its standard deviation was made and then a new average, excluding the points deviating significantly from the first average, was calculated. Finally, it was verified that a more critical selection, keeping only the bisectors which exhibited the dominant shape, in all cases, provided almost identical results.
The dwarf Gmb1830
We have identified a total of 25 clean lines in the spectral range available for Gmb1830 (G8V). Their wavelength, suggested identification, equivalent width, and excitation potential are listed in Table 2 . We proceeded as described in the preceding section for the Fe I lines in the solar atlas, and obtained the mean flux bisector for Gmb1830 and the sky-light spectra acquired at McDonald. They are listed in Table 3 . Figure 6a shows all the bisectors measured in Gmb1830, and the mean flux bisector for this star, surrounded by error bars, describing the mean error. Figs. 6b is similar to 6a, but for the Sun (from 14 clean lines observed at McDonald). The line bisector shapes are not highly homogeneous but the typical C shape, which can be attributed to the effects of convection, is apparent for most of the lines.
Line bisectors for F-K dwarfs behave in such a way that, although the solar-like C-shape is common for all, the velocity span shows the smallest values around the spectral class G8
(Gray 1982). Direct comparison of the mean bisectors in Figure 7 shows that the mean bisector of Gmb1830 (mean errors represented with error bars) shows a smaller velocity span 
The subgiant HD140283
As a result of the very low metal content of the star, the high resolution spectrum of HD140283 shows only a few lines. The practical advantage is that the lines present are quite clean. A total of 24 lines were selected in the three spectral ranges available for HD104283 (G0 IV), while only 16 were considered clean in the case of θ UMa (F6 IV), a comparison solar metallicity star. The data on the lines selected is also included in Table 2 . All the measured bisectors in these stars are plotted in Figure 8 , the mean flux bisector is overplotted with the mean error marked by the error bars. Table 4 lists the flux mean bisectors. Almost every line detected in the spectrum of HD140283 was considered clean. The homogeneity of the bisector shape is higher than for the cooler dwarfs studied in the preceding sub-section. Unlike the solar metallicity stars, the lack of line crowding makes it possible to measure the asymmetries of lines which form between photospheric and chromospheric layers in the extreme metal-poor stars. This could be an important tool to understand how the dynamics of the atmosphere changes from producing blueshifts in the photosphere to redshifts in higher layers. The observations obviously must constrain future three-dimensional simulations of photospheric dynamics further out from the center of the star.
Summary and conclusions
We have searched for differences between the convective velocity fields and granular motions of metal-poor stars and solar metallicity stars by observing line asymmetries in the optical spectra at very high resolution.
Clear differences have been found for the most metal-poor star in our sample, probably reflecting the low opacity of the metal deficient atmospheres and the changes in visible convective flow patterns due to this. The line asymmetries found in this case show a significantly different shape as compared with its solar-metallicity counterpart, perfectly distinguishable from the observed line-to-line differences.
The lack of metal line blends and the relatively narrow line wings in metal-poor stars 
